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Damage Detection Method for Reinforced Structure of Old
Stone Arch Bridge
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Abstract In order to address safety hazards such as mortar detachment, cracking, and sinking caused by
water flow impact on old stone arch bridges, and to extend their service life, a multi band infrared detection
method for structural damage of reinforced old stone arch bridges based on geometric shape reconstruction is
proposed. By combining image preprocessing techniques to eliminate interference factors and constructing a
high-dimensional pixel matrix, edge detection and refinement techniques are used to restore the geometric
shape of the damaged area. By using Gaussian distribution model to conduct in-depth analysis of the
reconstructed damaged area, the internal structural characteristics of the damage are revealed. The obtain a
multi band infrared detection result that is completely consistent with the actual damage, with the highest loss
rate result being 0.071. The detection method proposed in this article can provide technical support for the
reinforcement and maintenance of old stone arch bridges.
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Fig.2 Reinforcement structure of the old stone arch bridge

B, HAEAS S B B Y

JnE g5, aniEl 3 s .
i BEAN IR 3 T 71 B9 435 R4 il 46 Jom 31 235 44 B 2 56
R Jn S5 R B A S N 2 2 iR o

AU ILHIE 10

M, BRI 501 .

2R YES-500 85 93801 3 3 HLxE il 7= fy i 1l

LRI EAT BERLABIA .

BRLH I S5 KR



Structural Engineers Vol. 42, No. 1

Structural Analysis

—
- I
———=
— KRR
i3

K3 B A 25kl
Fig.3 The reinforced structural specimens of the

old stone arch bridge

*3 LASMBHSHEE
Table 3 Parameters of infrared camera
e velll SRS
23 ] 43 A 320%256
KPS 39°
AR NEER R TSR b 7.5~13 pm
[EPZIES 20 Hz
(TEE2icE= 2.5D

*x2 IE LK S8
Table 2 Parameters of reinforced structural test specimens
5[ ¥
DN 1wl A 1) B 90 mm
198 1) 9 A9 ) B 200 mm
IRV IR 15 mm
TP ET IR 90 mm
JEGERST 200 mmX97 mmx70 mm
5 44 5T AR ELAT R
JEEERS) 200 mmx97 mmx70 mm
PR 2 B 15 mm K JeRb 9 35 )2

ARV EE G T 1A T4, B R 728 5 000 kN,
Fa R 1~2 min, B 200718 215 IR B L
T G5 AR R B A B AR . YES-500 445
FEE I A& Qi 4 B o

[ ”"'\l

K4 YES-500 859 H X H i HL
Fig.4 YES-500 hydraulic press

ARSI, SR A3S MIHLE R £ A E S 1
REW . RS ETL S IR 3 s .

22 3 AT, 7.5~13 wm ZLAME BT H OG5
TSR3 W A1 S e A I, X ARG A 85 (e
W22 W) A — S8, ZL/MEPL B
20 Hz [R5 45 2R F1 2.5D f A% 5 15, 0] 56 40 #6714 2R

%ijﬂ‘z?%%ﬁzmzé‘lﬁﬁﬁlﬁlf%ﬁ% TN 3 fip
7B B LT AN BILT 5 e e — A o A% B 215
W BEAE S LT AME RS 775 RO D 5k U
XL IRAS P RE I o AR SE 56 (i P A 21 A AL
KA s e 5 i .

5 SRR

Fig.5 Experimental equipment

FERE (AT 25 A MATLAB H (1) [ 2 16l
PR, {1 FH JavaScript i , 2 5 45 JLITTE 2
R —A UG Y Z2 R X, 7R BEE 11
AL T Hor, 32 B2 5008 0 TS AR 2 il 1 22
TG RIEAR o X T it 2300 5 0y 4 43 DX, 22 1l 13
UG BIRESR 2, 38 B A e o FR P 4 Xk
TE = e vl A S A A | Ee i RGBT
3, OB A i A T RICR M B g O A
FHIE

22 MELAG ZRBRLIME

XA SR LB A TR E R i 1H A4t
B S o0 [ 25 WA 18 4 22 U B 2T ARG 5 i 6 A T T A7
PRI

BEAIL1E 8 0 51 25 A8 A, DL 6 21 42 il
REASTEATBATAG I, 43 531 2R F A [) 08 BB 11 o' D i

A, 75 2R ZDA S AN 6 B .



< GERL 53 H -

- 37 -

ZEM T RENNES 42 34 %6 1

(a) £I0%IEE:
6 nfE g i 2 B ar s EE

Fig.6  Multi-band infrared image of the reinforced

(b) &4 EE

structural specimens

1P 6 TR, 7R %18 i) 2 BB LL A R R
A AR B RRAL , AR AL SN A —
A BIICR B SR . RIS, HEATILATIE
AREE, M TR

it
i —
B

BT i 25 R 45 s LA 2
Fig.7 Reconstruction of damage geometry of reinforced

structural specimens

WNEL 7 Bz, X AR AR 0 A5 1 Jon [ 25 4 3k 4 41
SEUGHEA TR A LT S B M
ARG 55 5 5 6 21 42 S kAT X L, 15
HNZAS I 45 2R B B 3 88 060 28 B R/ IN 5 F )
B T8 A — B, NI — A 25 5 T LI 25 A
Wi, AR5 4t B LA R AR 8 N % H A 4t
0 361 55 A 453 495 22 00 BE 2 MG s A ) 45
BEOARE ), 2 WA A SCT 4 7 T RE S G ff DI 47 5=
SRR, S o Frde it 1 Rl S , A5
ST T 1 2 TH A AT TR 31 45 R i 0 A T 512 i
A — T

F AT AT TR i LA 25 R ARG R
S M = o B BRI 320}256 0 HFR T,
3 3 9 v U 43 A 108 - PR T AR R
18t LM INARLAT S8, AL T B R 1 b 2
PR B3 AMEE T R 3 BN R TR BN (E B AR
2 BB AR AL T OUARAE B BRAR T By
PERRISEIR . 55T BRI, AT RS2 e 48 55 (AN
o B E RN R AR

HRITM ISR

T SR B A T B AR I Tk
A R B AU B0 A 45 R PP 48 b s B O A
25 2R 0 2 23, R IR ECE B 7 vk v 25 6 36
AT, BARAR A (D)5

Rz%EL@g%) (11)

I RFTRAGI E5 5 22 3 5 x Fon Ha 0 -2
It 5 f, BRI 25 RAERR 2 5 A I3 LU AA

TR BITHI SR AL S 1 %47 AT [
LRI A B . THR TS R AR A
SO U5 327 05 BRI 45 R A e T LS
LV ERVL et @S RPN UE T IR RV SO 2N vt
PEREE LR

24 ZWERSTSITIE

Ry TR IAIT 5 T B A AT A0 ] 235 A4 453 43 4
75125 0 ST 55 29 SR AT 50, 23 ) FH SR [ 1113
FR (2 ] BT 4 s B9 21 A6 I Oy v 3 W] R A7 AR U At
RO S5y o R = A 380 690 G 45 SR R AT R ) X
Lo, FEATHE AR 20 B, 45 B0 AS [R] 4G I 5k 1) S e A
Rt

53990 R =R 75 325 % 10 243 ] 485 449 38
PEIEATAOR I SE 0 . B> T vk ARG D S 0 45
W R HEATAG A i D S 30 AR R R A
T BB R TR, AT AT R — A
TR S5

223 2 A5 B[R] T 1k 1Y 2 TH A SRR in ]
SER I LL AN I SE AL, ] 8 T o

040 e—e ATCETMITiL

036 o—o TR i

032+ oo SCHR[2)WI ik

028
R oufp o~
o) OQO}M_Q/Q\OW
= 016}

Yoa2f
0.08 |
0.04

0 #

2.3

AN B L
T 25 e A 2

[RINCIWRFS L IEARYN Rl

Fig.8 Injury-IR detection results of different methods

F & 8 AT AL, AN SCRT P 678 10 A28 TH A it
BN 25 R F AR DA I 2 2R rp, B R R IR



Structural Engineers Vol. 42, No. 1

- 38 -

Structural Analysis

WA, B Y 25 0 2 S0 0.07 1, i SCHR [ 1] A3
ik [ 2 ] 7 5 7 3 A DN 45 SR 1) dee v 5 AR R4 Sk
0.262 F10.218, 7 10 2 45 i A I S 56 25 S o
A SO 7 VA I -3 20 65 0.047 , 1 HAth 7 il
JiE R 25k 23200 5 2 0.256 F10.194, % L AT
Y AR SR v AT AR DX o 7 (B
1B 430 3 bt 22 ) 55 S 50KS i b i 2 P 03 X
I L R ) A X X e 2 (AR
(ELAS AR TR Z 0 1 7, DT 20 8y H A 4 DX I )
FHA 3 DX 355 %) B 2t (5 v 0T A1 10 R B AR O ) (40
P B R B (5 22 AH 5 ) S5 R 45243 X dsk
A FRREAE (LR 1 AR S5 Py 3 ) 14 3 A R, 5%
R RN I, T R T R
Pl AR AR AR I

Sk T AR BAI 5 BT HE A HERT fin 61 25 A0 45 5 4
W73 (R 18 A, 7 FH SCHR [ 1 TR 5 24 SR k) L
S, TR U I [ 45+ LR 45 (24 5% | R A
B0 R LA I, 512 36>k FHAR ) B B35 2%
7, 38 3k 22 P B 4T AR (7.5~13 pm) 5 3CHR (1]
SN 5325 ) 20 SR A o R vk A5 A
T 5 o ST 28 S EA T Ll , 45 B R [R] T i A 0 ke
AN L5 R, T 9 s .

5

(b) A SCREI i

PR

(a) SCHR[TIRER i
PRGEE T

(¢) B[R 7 2
ST AL

(d) ARSCRE IR
SRR R b A

B9 AT A I e B A ) L2 2R
Fig.9 Comparison results of different methods for

detecting defect types

H 1T 9 W] R, AR SCHR A 22 i B 4L SR Oy
TEAERAT U B2 A0 58 Bk 05 T S 5 A0 TR 405
i o AEZRBERTIN Ty T, AR SO I 5 ¥ AN URE T i
WU FREEL A, i T A H 58 T8 fol /N £l 2
o, SRR L TGN 7 ik ASCRE RGN 3 3 544 HLih %%
R 5 7 5 A3 5 b AGL DN 75 1 38 ok T S (LIS Ak

B AR SORE I T 1% v o S B ol DX I A A A
A, T SCRIR L1 S I 77 vk PR R P S B o
S 22 . LA BRI R £
P BERIA HOR 5 U 25 Bk e S A ik
b B S G S8 I, 7R R A A I ke
W7 A B SR A R

XS L 5256 1Y 45 58T DL, AR SO B2 H 1
A AR G0 T 25 A 453 O Az 00 7 3k, JRe B 1 )
RGN 45 R85 R ELE O i, RE RS A R0 & TH
A ST SRR T 1 548 A AT A E A T AR, £ TH A 4t
e B o T 235 460 1 80 000 4 4 T AR v, BEAS R B
oy REERY R BIAEHT L REAT &8 i A M iz 4 T AR
AR TR, A v ) S B B AN L
4t

3 # &

ABIFGE LI 22 B LTSNS I H AR FH T3
[ BEATR 2R o ] 5 ¥y ey B G0, A AP e P
i HAE 2 S R A o= 0 o LS i L
A FE 25 HE R BRAL 1 ARG ) 4 T P AR
SO T AR F SRR R v P A A A
e NGHERBIEE L TR, B4 fe {1t
TORTHERE Sy

Z Ve BLLLANES & TL A E A B ARG 7 ik i 25 4
TE T N AR 3R 825 BE , Dy S ik e B4k
PR A R R PR TRk T B, R X AT A U
PR B K BAT 2 S, IF O A A I
LTRSS H . SR, BTSN AR S
S PRI AT T HBORA TR AL, ARk TAR N 3
TRIEVCA A e B A e e S B IE, LAE— 20
PETHEOR A PR IR E T

& £ X M

2
[ 1] X258 45 B2 8, 55 . H AR T B E AT i)
RZ MR M PG S AME k] A £ T
P41, 2023,45(4) : 680-689.
LIU Xuezeng, YANG Xueliang, YANG Zhilu, et al.
Thermal effects and infrared detection method for
shallow reinforcement corrosion in tunnel linings
under natural conditions [J]. Chinese Journal of
Geotechnical Engineering, 2023, 45 (4) : 680-689. (in
Chinese)
E, RGBT RESERUBR A & R
AT THT BB £ AMG I 2 [0 ] £L AR, 2022, 44
(10):1112-1117.

(2]



< GERL 53 H -

« 30 .

ZEM T RENNES 42 34 %6 1

WANG Hao, WU Yize, WANG Tao. Infrared detection
of near surface defects of aeroengine blade based on
array hot air excitation [J].Infrared Technology, 2022,
44(10):1112-1117.(in Chinese)

AR, AT SR, 00, 45 L BE T A RIAT O R4 Al
B B 22 BB AN T vk [T ] A 2s 2440, 2022,43(3)
564-576.

KANG Shuo, KE Zhenzheng, WANG Xuan, et al.
Detection method of defects in automatic fiber
placement based on fusion of infrared and visible
images [J]. Acta Aeronautica et Astronautica Sinica,
2022,43(3):564-576.(in Chinese)

WAL, B, RS T U Centernet 74F
FL A LD MG I 7 vk [ ). g ik B R, 2023, 46
(4):142-148.

HUANG Yuehua, YANG Churui, CHEN Chen, et al.
Infrared detection method of substation equipment
[J].
Measurement Technology, 2023, 46 (4) : 142-148. (in
Chinese)

RAH CRER GEL, F ETREGEMEY
TR P 77 12 1) W e Wl 32 30 1 /MG I 468 500
e [V ] 638 2% 5563 7 #r , 2022, 42 (12) = 3775-
3782.

ZHU Jinyan, ZHU Yujie, FENG Guohong, et al.

based on improved Centernet Electronic

Optimization of near-infrared detection model of
blueberry sugar content based on deep belief network
and  hybrid method [J].
Spectroscopy and Spectral Analysis, 2022, 42 (12) :
3775-3782.(in Chinese)

W 7, 7 AR 5 R PR RE X BE RS B R Y
{EA S LLAMEIN Tk ()] TR R, 2022, 41
(1):141-148.

TAO Yuning, FANG Chunhua. Infrared detection

method of zero value insulator considering relative

wavelength  selection

humidity and pollution degree [J]. Electric Power
Engineering Technology, 2022, 41 (1) : 141-148. (in
Chinese)

PRSI, H O], A BT AT 4R B Y
T PR B A BV TE M REWF 5T [0 . 2 i 28 d
$,2023,40(4):121-127.

HUANG Weirong, HU Bangsheng, XIAO Chengming,
et al. Study on volume deformation performance of
concrete for bridge reinforcement based on driving

vibration [J]. Journal of Highway and Transportation

(8]

(9]

[10]

(1]

[12]

[13]

Research and Development, 2023, 40 (4) : 121-127.
(in Chinese)

TRV 5 I A o [ R e B AT T S A SR AR i iz
Gt )] TRRPURRE 5 0 [ 2, 2023, 45(2) : 18-
127.

ZHANG Xu. Resonance analysis of existing simply-
supported railway bridge strengthened with adding
steel braces[J].Earthquake Resistant Engineering and
Retrofitting,2023,45 (2):118-127.(in Chinese)

A X0 A S, R TG IR A HT Y
RS AR M %M A 0 6 05 S PP 5 L) . ks 5 o
if7,2022,41(14) : 199-209.

WANG Yan, LIU Zhe, ZHOU Ruijiao, et al. Evaluation
of the reinforcement scheme for a long-span curved
truss bridge based on vehicle-bridge coupled vibration
analysis [J].Journal of Vibration and Shock, 2022, 41
(14):199-209.(in Chinese)

RV BT ORI IR A T IE A R R
(A7 R A = 4E IR S F [0 ], Ot , 2022, 49
(20):117-125.

GONG Lingran, JIA Xiyu, XU Yuanyuan, et al. Three-
dimensional morphological reconstruction of nucleated
cell based on orthogonal dual-wavelength measurement
[J].Chinese Journal of Lasers,2022,49(20):117-125.
(in Chinese)

BRI, AR, A, A R T IE SR A AR AL 1A =
i St E A Bk (1] # 4, 2021,41(23)
164-173.

JI Ying, HUANG Jinbin, LI Xiang, et al. Fast three-
dimensional morphological reconstruction algorithm of
phase objects based on orthogonal sampling [J]. Acta
Optica Sinica,2021,41 (23):164-173.(in Chinese)

ARACIE, 3K B . SEAR S A BERF IR B Hr R Ak 3h
FEHHI[ T R 1%,2023,40(1) : 132-138,176.

LIN Daiheng, ZHANG Zhongxiang. Vibration hazard
control of blasting demolition of interchange stone arch
bridge [J]. Blasting, 2023, 40 (1) : 132-138, 176. (in
Chinese)

RO, AR, BT, 55 AL T Cohesive BLITIY A4 HE
B LR AR k()] TR T2, 2021, 38
(12):97-106,117.

ZHAO Chao, DAI Zhicheng, ZHONG Xingu, et al. A
two-phase

modeling method based on cohesive

[J1.
Mechanics,2021,38(12):97-106,117.(in Chinese)

elements for masonry arches Engineering



